Introduction 1.1 Overview
A Vertebral Compression Fracture (VCF) is a collapse of one or more vertebrae. This usually results from a combination of bending forward and downward pressure on the spine. These fractures happen most commonly in the thoraco-lumbar spine, particularly in the lower vertebrae of the thoracic spine.
Causes
In relation to etiopathogenesis, VCFs may be divided into:
• pathologic fractures, as for:
• osteoporosis (the most common cause: about 750,000 people per year in United States): in people with severe osteoporosis, a VCF may be caused by simple daily activities, such as stepping out of the shower, sneezing vigorously or lifting a light object;
• metastatic tumors;
• multiple myeloma;
• vertebral hemangiomas;
• traumatic fractures, which can occur with a fall on the feet or buttocks, a forceful jump, a car accident or any event that stresses the spine past its breaking point.
Symptoms
VCFs may occur suddenly, causing severe back pain, generally referred to mid or lower part of the spine; this pain is most commonly described as "knifelike" and usually disabling. Clinical examination usually shows tenderness to the touch over the affected vertebra/vertebrae.
If the VCF is severe, the nerves and spinal cord can be affected, which can lead to nerve irritation and inflammation.
Imaging
While a diagnosis can usually be made through history and a clinical examination, X-ray and CT-scan (as first-step diagnosis in Emergency Room) or MRI and bone densitometry can help in confirming diagnosis, predicting prognosis, and determining the best treatment option for this patient.
Balloon-kyphoplasty (BKP) technique
BKP is a percutaneous vertebral augmentation technique initially developed to treat osteoporotic VCFs. It is a minimally invasive procedure: a small incision is made in the back through which the surgeon places a hollow tube called trocar. Using fluoroscopy to guide it to the correct position, the trocar creates a path into the fractured area through the pedicle of the involved vertebrae (fig1):
Fig. 1. Trocar insertion
Then a special balloon is inserted through the trocar into the vertebra and it is gently inflated by the surgeon (fig2):
Fig. 2. Balloon inflation
As the balloon inflates, fractured vertebra is elevated while its inner cortical bone is compacted: so a cavity into the vertebra is created (fig3): Finally, the balloon is removed and the surgeon fills the cavity with bone cement in order to achieve fracture stabilization and body height restoration (fig4): 
Alternative procedures
According to kind of VCF, related symptoms and health conditions, there are many ways to treat these fractures.
When permitted by a doctor, self-care at home, taking rest, with a back brace and/or using medications (nonsteroidal anti-inflammatories, narcotics or muscle relaxants) may be enough in case where pain is not so severe, neurological examination is negative and radiological tests show minor VCF.
On the other hand, admission to the hospital is necessary when pain or symptoms are severe. Surgery (major or mini-invasive spinal surgery depending on VCF degree) may be required to prevent the spine from pressing on the spinal cord or to stabilize the vertebra adjacent to the fracture site. When spinal cord compression is not a risk and neurological examination is negative instead, percutaneous techniques such as vertebroplasty or vertebral augmentation techniques such as BKP or stentoplasty are enough.
Unlike BKP, in vertebroplasty bone cement is injected into the vertebra at high pressure and free: so cement-leakage rate is higher, especially if there are many fracture cracks, such as for traumatic VCFs [Schmelzer et al, 2009] . In his meta-analysis on 69 clinical studies, Hulme [Hulme et al, 2006] reported leakage rates in 41% of cases during vertebroplasty and in 9% of cases during BKP. While most leaks were clinically asymptomatic, clinical complications (i.e. major complications) occurred in 3.9% and 2.2% of the vertebroplasty and kyphoplasty cases, of which pulmonary emboli accounted for 0.6% and 0.01%, respectively.
Vertebral body stenting (VBS), also known as stentoplasty, is a further adaptation of vertebroplasty and BKP. It is a new technique, recently developed, that involves placing a metal stent (cage) within the collapsed vertebral body and then expanding this to try and enable some height restoration before filling that cavity created with cement. The main advantage of VBS over BKP is that the height gain after balloon inflation can be maintained whereas with BKP alone it is well-known that in many cases significant height loss occurs during balloon deflation. However, after this procedure, stent remains into the vertebral body to keep vertebral body height restoration; furthermore the stent does not represent a closed system like the balloon: so cement-leakage rate is most likely higher than BKP, even though there are not longer follow-up studies for VBS.
Indications and contraindications of BKP
BKP is a broadly used method for the management of VCFs [Molina et al, 2011] . Originally introduced for osteoporotic fractures, surgical indications for this percutaneous vertebral augmentation technique were extended to vertebral fractures resulting from multiple myeloma [Zou et al, 2010] , spinal metastases [Dalbayrak et al, 2010] , vertebral hemangiomas [Jones et al, 2009] and trauma [Doria et al, 2010; Costa et al, 2009; de Falco et al, 2005] .
In a recent study, Rollinghof et al. [Rollinghof et al, 2010] reported on a multiple choice questionnaire submitted to 580 clinics registered to practice BKP in Germany. For most participante (95,4% of the users), the main clinical indication was permanent back pain at the fractured level with an average VAS of 5. Although there is no common agreement about the etiopathogenetic and neuroradiological types of VCF to treat with kyphoplasty [Movrin et al, 2010 , Bula et al, 2010 , Dashti et al, 2005 , over 80% of the users regarded A1.1, A1.2, and A3.1 fractures as main indications for kyphoplasty while for more than 60%, osteoporotic A1.1 fracture constituted the main indication for vertebroplasty [Rollinghof et al, 2010] . Although gradual pain resolution following these fractures is the expected natural history, pain can persist and or resolve slowly with conservative management. While patients may be not responsive to non-surgical therapies [Nairn et al, 2011] . Furthermoreespecially in osteoporotic patients -VCFs can be complicated by deformity, loss of stature, impairment of pulmonary function and (considering that most VCFs will heal in 8 -10 weeks with rest, bracing, and pain medications [Klazen et al, 2010] ) the attendant risks of poor mobility/immobilisation in the elderly, such as venous thrombo-embolism or discomfort. Whereas BKP could allow rapid pain relief, as well as improved physical function and quality of life [Ledlie et al, 2006] .
Obvious contrainticatons to BKP are pregnancy, congenital or aquired coagulopathies (warfarin, ASA), pain unrelated to vertebral collapse, fractured pedicles, solid tumors, osteomyelitis, contrast allergy (balloons are filled with contrast that can extravasate if they rupture), complete loss of vertebral height (vertebra plana).
Preoperative planning
A plain X-ray of the spine is generally enough to make the radiographic diagnosis of VCF (fig5 When there is no data about the timing of fracture, it is important to perform a specific sequence MRI (e.g. STIR, Short Tau Inversion Recovery) scan before a kyphoplasty or vertebroplasty procedure is carried out, since it is impossible to distinguish between an old, healed fracture and a new fracture on X-rays or a CT scan. STIR MRI, in fact, is an inversion recovery pulse sequence with specific timing so as to suppress the signal from fat; in this way, the focal hyperintensity (bone marrow edema) that lasts for 2-4 months after fracture can be distinguished from fat signal, suggesting an acute or subacute VCF [Masala et al, 2004] .
Finally, bone scintigraphy is helpful in assessing metastatic disease and when pain is elicited on palpation at levels other than where a fracture is radiographically identified (fig10): www.intechopen.com
Key steps of the procedure
As is done in many surgical procedures, prophylactic antibiotics are administered to the patient approximately 30 minutes before the actual procedure; however, the efficacy of this practice in preventing infection has never been affirmed by controlled study [Mathis et al, 2001] .
BKP is usually not painful and requires only intravenous mild sedation and local anesthesia. The local anesthetic is injected in to the skin, subcutaneous tissues, and periosteum of the vertebra. General anesthesia is another possible choice, especially for lengthy cases involving numerous levels of vertebral fractures; but local anesthesia with sedation is generally enough, especially when general anesthesia is contraindicated by patient's health conditions (e.g. pathologic VCFs in tumors, myeloma, etc.) [Lavelle et al, 2007] .
Prone positioning is achieved and a C-arm is provided; biplane fluoroscopy will allow simultaneous visualization in two projections during injection of bone cement. It allows the procedure to be performed more rapidly [Wehrli et al, 1995] and is often chosen when the procedure is performed in a radiology department because of equipment availability and familiarity.
After fluoroscopic localization, a small incision is made and a thin cannulated trocar with bone biopsy needle is advanced to the antero-posterior radiographic projection of the pedicle. Then the cannula is passed through the pedicle into the vertebral body being treated. Both lateral and antero-posterior projections provide necessary visualization of the path of the needle. An alternative approach is the extrapedicular. This is most often used to access the upper thoracic spine, where pedicles are smaller then in the lumbar tract. The extrapedicular approach involves inserting the cannula between the lateral margin of the pedicle of thoracic vertebrae and the rib head [Hide et al, 2004] . When fracture fragments are reached, the needle is removed and a drill bit is inserted into the cannula; so a passage to the anterior part of the vertebral body is created. Then a void is created within the cancellous bone by an inflatable bone tamp prior to cement delivery (fig1 and 2): in this way, bone cement is not free, cement-leakage rate is considerably lower than vertebroplasty and a lower pressure is needed to inject bone cement into the vertebra (fig3). Occasionally patients report pain when a tool is removed too quickly from the cannula, reasonably due to the sudden negative pressure. This procedure takes about one hour or less for each vertebra involved.
Sometimes kyphoplasty allows achieving height restoration of the fractured vertebral body, thus preventing kyphosis -therefore kyphoplasty (fig4).
Postoperative care
Recovery from a kyphoplasty is relatively quick. In our experience, patients feel almost immediate pain relief after the surgery. Most patients can go home on the day of the procedure; however we prefer to discharge the patient the day after, so he/she may obtain adequate information from our staff about post operative care at home. During hospitalization, in fact, the nurse staff will provide the patient with medication for pain and will encourage him/her to get up, and move around, as soon as possible after the surgery. Bending or sitting should be avoided for an hour or more. Most patients are very satisfied with the procedure and are able to gradually resume activity once discharged from the hospital. Once at home, patients may resume their activities of daily living as soon as they are able. The bandages may be removed two or three days after they return home from the hospital; the incision on the back should require very little care: keeping it clean and dry is the best. Showering is allowed after only one day, but the patient should not take a bath or go swimming for three weeks. Driving or lifting of heavy objects is forbidden until after about two weeks.
Postoperative bracing is unnecessary, because bone cement hardens during the procedure (PMMA) or within one hour after it (CPC): in fact, the resistance to compressive forces of CPC has been demonstrated not to differ significantly from PMMA after in vitro vertebroplasty in human cadavers [Bai et al, 1999] while another in vitro study reported that CPC can attain compressive strength comparable to that of an intact vertebral body within 15-20 minutes after implantation: thus, the biomaterial is sufficiently strong for safe transfer of the patient within a reasonable time, following setting (bed-rest for 24h after BKP with CPC is suggested by this study: that's what we do) [Schwardt et al, 2006 ].
An appointment for radiological and clinical follow-up is scheduled a month after discharge: patients will come to hospital with a plain X-ray of the spine and blood tests (looking for indicators of an acute phase response).
Complications
The most commonly described complication is an extravertebral leakage of bone cement [Groen et al, 2004] , more likely in traumatic VCFs compared to pathologic VCFs due to more fracture cracks in traumatic fracture [Schmelzer-Schmied et al, 2009] . The systematic review of the literature by Hulme found rates of cement leakage in vertebroplasty of 41% (n = 2283 levels) and in kyphoplasty of 9% (n = 1486 levels) of treated vertebrae. This can lead to spinal stenosis or to pulmonary cement embolism [Choe et al, 2004] . But most leaks were clinically asymptomatic: consider that leaks-distribution is mainly paraspinal (48%) and intradiscal (38%), then epidural (11%) and finally pulmonary (1.5%) and foraminal (1.5%) [Hulme et al, 2009 ]. In our series, there is a 33% of asymptomatic cement-leakage rate.
In addition, systemic allergic or toxic reactions to bone cement have been described . New fractures of adjacent vertebrae occurred for both procedures at rates that are higher than the general osteoporotic population but approximately equivalent to the general osteoporotic population that had a previous vertebral fracture [Hulme et al, 2009 ].
Clinical series and outcome
In his systematic review of 69 clinical studies, Hulme compared outcomes from vertebroplasty and kyphoplasty [Hulme et al, 2009] : in both case a large proportion of subjects had some pain relief independent of the type of procedure (87% vertebroplasty, 92% kyphoplasty). Visual analog pain scores (VAS) (normalized to 10-point scale) were reduced from an average of 7.15 to 3.4 for BKP while only two kyphoplasty studies reported on improvement in physical function [Ghros et al, 2006; Gaitains et al, 2005] : this suggests that reporting improvements in physical function appears to be of secondary importance to the investigators; therefore, measurement scales used are inconsistent and scores cannot be pooled [Hulme et al, 2009] . The pain relief experienced by patients appears to be promising for both BKP and vertebroplasty in the short-term (<1 year) whereas it appears that pain www.intechopen.com relief is durable: in fact, little change was noted between postoperative scores and long-term. [Hulme et al, 2009 , Zoarski et al, 2002 . However, note that long-term follow-up results were not as frequently reported [Hulme et al, 2009] A qualitative examination of the data collected by Hulme indicates that vertebral height restoration is similar both for vertebroplasty and BKP (mean 6.6°). However, interstudy comparisons are further complicated by the use of different methods for percentage height restoration and reduction of kyphosis angle calculation [Hulme et al, 2009 , McKiernan et al, 2003 . As described in the section above, cement leaks occurred for 41% and 9% of treated vertebrae for vertebroplasty and kyphoplasty respectively, while adjacent level fracture rates are similar between both procedures and approximately equivalent to the general osteoporotic population that had a previous vertebral fracture. Furthermore, the stabilization of a specific fracture level by kyphoplasty may lead to secondary fractures of adjacent vertebrae due to the changed biomechanics of the spine [Baroud et al, 2006 , Berlemann et al, 2002 . However, these studies refer to osteoporotic VCFs, so the adjacent vertebral fractures are related to a low bone density [Tseng et al, 2009 ].
Our series
From March 2005 to March 2011, 137 hospitalized patients underwent BKP for VCF at our Department. Among these, 76 patients (55,5%) fulfilled the criteria set at our Institution to be offered BKP after having suffered traumatic VCF (tab1):
Parameters N = 76
Gender ( Inclusion criteria were:
1. no neurological deficits; 2. one or, at most, two vertebral body injuries involving the spine from T5 through L4 or, when feasible, L5; 3. no radiological evidence of mechanical instability; 4. Magerl nonsurgical and stable fractures, that are -in our opinion -A1.2 (wedge impaction) (N=31), A1.3 (vertebral body collapse) (N=14) and A3.1 (incomplete burst www.intechopen.com fracture) types without retro-pulsed fragment. We exclude A2.1 to A2.3 types because there is always a split of the vertebral body that could allow cement leakage.
Mean age was 53±15 years and 53% males. Mean preoperative VAS was 8.7±1.1 while Postoperative VAS was 3.0±2.0 significantly lower with p-value<0.0001. As reported in graph1: Graph. 1. Outcome: pain-relief during follow-ups; lb = lower bund, ub = upper bund VAS decreased significantly after surgery while complete pain releif was obtained at 2-year follow-up for 42 patients; this result is durable for 8 patients with 6-year follow-up. We believe that, unlike patients with pathologic VCFs, in traumatic patients healthy conditions are good (no osteoporosis, tumors or myeloma): so a complete pain relief is a possible goal after BKP.
Early mobilization (i.e., within 24-48h from BKP) was obtained in all cases. Because our philosophy is to not overfill traumatic fractured vertebra, height restoration is not our target for this kind of VCFs. So we didn't take any measurement of Cobb angle. In 23 subjects (30%) asymptomatic cement leakages occurred.
Traumatic VCFs: Tips and tricks
Because we work closely with our Emergency Department, more than 50% of our cases are traumatic VCFs
One of the most controversial issues millitating against BKP in traumatic VCFs relates to the main bone cement used in this procedure (i.e. poly-methlyl-metacrylate, PMMA), which cannot integrate into bone and can not allow for bone-healing.
On the contrary, we prefer to use PMMA because the potential local reaction to PMMA (incidental to the exothermic reaction that occurs while the PMMA bone cement is hardening in situ) brings fibrous tissue formation at the interface between bone and bone cement , which may be a serious disadvantage for a joint (e.g. hip) but seems not to be significant for a non-articulating bone such as the vertebral body.
However, we suggest some care in performing BKP in traumatic VCF:
1. In traumatic factures there is much higher rate of cement leakage compared to nontraumatic VCF; this is due to the nature of these traumatic fractures: the cement can leak through the many fracture cracks [Schmezler-Schmied et al, 2009 ]. So we prefer to not overfill the fractured vertebra with cement because an excessive amount of bone cement could lead to a higher rate of leakage. This also explains why we mainly prefer kyphoplasty over vertebroplasty, which needs a much higher pressure. 2. Unlike osteoporotic VCFs, it's very difficult to achieve height restoration in traumatic fractures because these patients have a normal bone density [Schmezler-Schmied et al, 2009] : so over-inflating the balloon seems to be unnecessary. Higher rates of cement leakage and/or balloon burst are present. 3. Because a low risk of adjacent vertebral fractures is described for vertebral augmentation techniques (generally for vertebroplasty) with PMMA cement [Gerztbein et al, 1994; Tseng et al, 2009] , we prefer to not overfill the fractured vertebra keeping this risk to the minimum: reported clinical studies have shown that even "insufficient" filling of vertebral bodies during a vertebroplasty can lead to a successful outcomes in pain reduction, and stiffening and stabilizing of the fractured vertebrae [Luo et al, 2007; Furtado et al, 2007; Oakland et al, 2009] . The mechanism for adjacent vertebral fractures is still unclear, but from experimental and computational studies, it appears that vertebroplasty changes the mechanical loading in adjacent vertebrae because of excessive cement rigidity of treated vertebra [Baroud et al, 2006; Berlemann et al, 2002] . However, it is noted that these studies refer to VCF from osteoporosis, so the adjacent vertebral fractures are related to a low bone density. In fact, Tseng concluded that older patient ages, lower baseline BMD, and more preexisting vertebral fractures were found to be risk factors for multiple vertebral compression fractures [Tseng et al, 2009 ]. 4. Inflammatory response to PMMA exothermic reaction could lead to bone resorption all around this cement. Although this is a serious disadvantage for prostheses integration into the bone (a common technique to aid in implant fixation into surrounding bone is to inject bone cement into the space between the implant and surrounding bone [Kuhn et al, 2000] ), this seems not to be very significant for a non-articulating bone, as represented by a vertebral body, especially if we consider that some authors successful treated intravertebral pseudarthroses (whose neuroradiological findings is are the rare and, so-called, intravertebral vacuum fenomenon [Van Eenenaan et al, 1993] ) by BKP with PMMA [Ghros et al, 2006] . Furthermore, Aebli has shown that temperature levels after usage of intravertebral PMMA cement may be sufficient to cause intravertebral thermal necrosis, but that heat levels outside the vertebral body (e.g. at the intervertebral discs and vertebral endplates) are unlikely to cause thermal injury [Aebli et al, 2006] . However, we prefer to keep to a minimum the amount of cement in order to avoid local bone resorption. 5. Finally, we agree with de Falco [de Falco et al, 2005] about the opportunity to use bioactive cement in patients under 50 years. In fact, although the use of PMMA cement in vertebroplasty is widespread, no data on the long-term behaviour of the material for spinal applications has been published. So, because the majority of patients with traumatic vertebral fractures are aged less than 50 years and the PMMA material remains inside the vertebral body for life, the use of more biocompatible bone cement is preferred [Verlaan et al, 2002] . Thus, the usage of calcium phosphate cement (CPC), which hardens by crystallization at body temperature, avoids thermal injury, whereby it is unclear whether thermal necrosis actually contributes to the fibrous tissue layer around PMMA implants [Libicher et al, 2006] . However, we have to take into consideration the fact that bioactive cements are much more expensive than PMMA. Therefore, it may be that the use of very expensive bone cement is deemed innaproriate for elderly patients.
Explicative cases
We present two illustrative cases about among our procedures.
Case 1
52-year-old female, L1 traumatic A1.2 vertebral compression fracture ( fig. 11) : Stabilization was held, no further collapse of the kyphoplastied vertebra or adjacent fractures were seen at long-term follow-up. Preoperative VAS was 7 while postoperative VAS became 0 since three months after BKP; this clinical goal was kept at 5 years follow-up.
Case 2
This is one of first case of our series. 53-year-old male, T12 traumatic A3.1 vertebral compression fracture ( fig. 15) : www.intechopen.com we used a little amount of bone cement to fill the vertebral body: stabilization was achieved while vertebral body augmentation was poor; this "undercharging" philosophy was also useful in not touching the retropulsed fragment.
This radiographic result was held after 6-years follow-up (fig17): Fig. 17 . Case 2. X-ray follow-up (6 years) Pre-operative VAS was 8 while post-operative VAS significantly improved to 2; complete absence of pain was achieved 6 months after BKP, and this score was held at 6-years followup-
Conclusion
In our experience, BKP is a safe and effective procedure to treat nonsurgical and stable traumatic VCF compared to conservative therapy and to other percutaneous augmentation technique such as vertebroplasty.
Although long-term studies about effectiveness of BKP for traumatic VCFs are unsatisfactory, our 6-years follow-up suggests that this vertebral-augmentation technique represent a very attractive, easy and fully adequate solution to treat this kind of traumatic fractures.
